A B S T R A C T The effect of estrogen on the synthesis of plasma very low den-sity lipoproteins (VLDL) in the cockerel was studied both in vivo and in vitro. Synthesis was studied by immunoprecipitation techniques with antisera prepared against VLDL and a major VLDL protein. VLDL were isolated from the plasma of white Leghorn hens and estrogen-treated white Leghorn cockerels by ultracentrifugal flotation at d 1.006 g/ml. After delipidation, the lipid-free proteins (apoproteins) were fractionated on Sephadex G-150 and DEAE-cellulose. Both the hen and the estrogen-treated cockerel VLDL were shown to contain an identical apoprotein with a mol wt of approximately 12,000; the apoprotein is designated fraction B. Reduction and S-carboxy-methylation of fraction B resulted in a reduction of the molecular weight by approximately one-half, indicating a dimer-monomer relationship. Antiserum prepared to the hen VLDL dimer protein gave precipitin lines of complete identity to both the hen and cockerel dimer, monomer, VLDL, apoVLDL, low density lipoproteins, and plasma; no precipitin line was formed with either hen or cockerel high density lipoproteins.
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After a single subcutaneous injection of diethylstilbestrol into the cockerel, plasma VLDL protein, cholesterol, and triglyceride increased, reaching a maximum 24-48 h after hormone administration. Liver 22 March 1976. similarly treated animals were incubated in vitro in culture medium in the presence of ['H]lysine for 2 h. Immunoprecipitable radioactivity in VLDL increased within 2 h of diethylstilbestrol treatment and reached a maximum at 24 h; VLDL radioactivity returned to base-line levels by 72 h. At the peak of induction, newly synthesized VLDL represented 11% of the total soluble protein synthesized. When actinomycin-D (5 mg/kg) was administered simultaneously with estrogen, the induction of VLDL synthesis was totally inhibited.
To determine whether the effect of estrogen on VLDL synthesis was mediated at the level of transcription, partially-purified cockerel liver mRNA was prepared from estrogen-treated animals and the mRNA activity for fraction B was quantitated in a wheat germ translation system. Fraction B mRNA was found to increase from a low base-line value to a maximum 16-24 h after estrogen treatment, returning towards baseline values at 30 h. At the peak of induction, fraction B constituted 12% of the total protein synthesized. The kinetics of induction of fraction B mRNA activity in the cell-free translation system is very similar to that observed in liver slice experiments. This finding suggests that estrogen stimulates VLDL synthesis, at least partially, by enhancing the accumulation of the mRNA for one of their major apoproteins.
INTRODUCTION
It is now well known that mul,tiple genetic and environmental factors modulate lipoprotein metabolism (1) . For example, estrogen is one factor which profoundly influences plasma triglyceride levels (2, 3) . In the amphibian Xenopus laevis, estrogen induces the synthesis of a major yolk lipoprotein, lipovitellin (4) .
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Similarly, in avian species, lipovitellin synthesis is stimulated (5, 6) and concomitantly the level of immunoprecipitable lipovitellin-synthesizing polysomes is increased (7). Hillyard et al. (8) demonstrated that in white Leghorn cockerels, estrogen caused a dramatic increase in the level of plasma very low density lipoproteins (VLDL) .' This effect of estrogen was shown by Luskey et al. (9) to be mediated, at least in part, by an increased rate of synthesis of the lipoproteins.
Because of the relationship of estrogen to hypertriglyceridemia (2, 10, 11) , we have undertaken a study to investigate the mechanism of the induction of VLDL synthesis by estrogen. In the present communication, we report a study of the rate of induction of VLDL by estrogen in the cockerel. The mRNA for a major apo-VLDL was partially purified from the cockerel liver and translated in a heterologous cell-free system. Moreover, estrogen was shown to regulate the levels of translatable mRNA for apoVLDL in a manner which suggests an effect at the level of gene transcription.
METHODS
Antimals. 3-wk-old white Leghorn cockerels (0.2 kg) were used in the study. Induction of VLDL synthesis in the cockerel was studied after the animals were given a single subcutaneous injection of diethylstilbestrol (DES) 2.5 mg in sesame oil. This dose of DES was maximally effective in inducing VLDL synthesis. The animals were killed at appropriate times by cervical dislocation or decapitation. In experiments involving actinomycin-D, the drug was dissolved in water (1 mg/ml) and injected intramuscularly (5 mg/kg). All animals were fed a standard chicken diet and were housed in a room that was lighted daily from 7 a.m. to 7 p.m. For the preparation of large amounts of lipoproteins, plasma from white Leghorn laying hens (2 kg) was obtained commercially (Pel-Freeze Bio-Animals, Inc., Rogers, Ark.). All blood was collected in 0.1% EDTA4.01% sodium azide, pH 7.5.
Isolation of lipoprotein and apoproteins. VLDL (d < 1.006 g/ml), low density lipoproteins (LDL) (d 1.006-1.063), and high density lipoproteins (HDL) (d 1.063-1.210) were isolated by ultracentrifugal flotation procedures (12) in KBr at 8°C in a Beckman model L2-65B preparative ultracentrifuge (Beckman Instruments, Inc., Fullerton, Calif.). Each centrifugation was performed for 20 h at 55,000 rpm in a 60 Tirotor. The isolated VLDL fraction was recentrifuged twice at d 1.006 g/ml. After lyophilization, the dry lipoprotein (5 mg) was delipidated by extracting (30 ml) twice with diethyl ether-ethanol (3: 1) at 40C followed by two washes with diethyl ether; the lipidfree proteins (apoVLDL) contained less than 1%o phospholipid by weight as determined by the method of Bartlett (13) . ApoVLDL were solubilized in 0.1 M Tris-HCl, pH 8.2, containing 0.1 M sodium decyl sulfate and were fractionated on Sephadex G-150 (Pharmacia Fine Chemicals 1 Abbreviations used in this paper: apoVLDL, lipid-free proteins; DES, diethylstilbestrol; HDL, high density lipoproteins; LDL, low density lipoproteins; S-30, 30,000 g supernatant fluid; SDS, sodium dodecyl sulfate; TCA, trichloroacetic acid; VLDL, very low density lipoproteins.
Inc., Piscataway, N. J.) and DEAE-cellulose by procedures described previously for human apoVLDL (14) (15) (16) . LDL wvere subjected one time to recentrifugation at d 1.063 g/ml and the reisolated lipoproteins dialyzed overnight against 0.01% EDTA, pH 7.5. HDL were isolated as described previously for human HDL (17) .
The purity of the isolated fractions was determined by polyacrylamide gel electrophoresis in sodium dodecyl sulfate (18) ; by amino acid analysis and the absence of certain residues; and by immunochemical methods using goat antiserum prepared against the purified apoprotein. Tryptophan was determined by the method of Liu and Chang (19) .
Quantitative determination of plasma VLDL proteins and lipid contenit. Animals in groups of four were treated with DES as described above. The animals were decapitated and blood was collected in 0.1% EDTA, pH 7.5. Erythrocytes were removed by low speed centrifugation. VLDL were isolated by ultracentrifugation at plasma density (12) and were dialyzed overnight against 0.01% EDTA, pH 7.5.
Protein was determined by the method of Lowry et al. (20) . Total cholesterol and triglycerides were determined by autoanalyzer techniques (21).
Preparation of antisera against VLDL and apoVLDL and determination of equivalence poinlt. Antisera against VLDL were prepared by injection into the foot pads of rabbits whereas antisera against a major VLDL protein (fraction B) were prepared by subcutaneous injection of the purified apoprotein into a goat every 2-3 wk. Animals were bled and the globulin fraction purified by ammonium sulfate precipitation (0-50%). After dialysis against 0.01 M Tris-HCl, pH 8.0, the antisera were heated at 56°C for 30 min, centrifuged at 12,000 rpm at 4°C for 30 min to remove the insoluble material and stored at -20°C until used.
To define the conditions for optimal precipitation of VLDL or apoVLDL by the antisera, increasing amounts of VLDL or apoprotein were added to a constant amount of antiserum. The incubation mixture contained 5% Triton X-100, 1%o sodium deoxycholate, and 10 mM sodium phosphate, pH 7.5. Incubation was at 23°C for 3 h or at 23°C for 30 min and then overnight (16 h) at 4°C. Both methods were found to give maximal precipitation. Immunoprecipitates were collected by centrifugation at 2,000 g for 5 min. The supernatant fluid was decanted and the precipitate was washed three times, first with a standard wash buffer containing 10 mM sodium phosphate, pH 7.5, 15 mM sodium chloride, 4 mM L-lysine, 1%7o sodium deoxycholate, and 1% Triton X-100 followed by two washes with 0.9% NaCl. The protein content of the washed pellet was determined by the method of Lowry et al. (20) .
In vitro induiction of VLDL synthesis. The right lobe of the liver was removed and was cut into 50-100-mg pieces. The L-lysine was added, the tissues were weighed, and homogenized in the incubation medium by six strokes in a glassTeflon homogenizer. The homogenate was then centrifuged at 105,000 g for 60 min at 4°C. The supernatant fluid was used for determination of radioactive VLDL and TCA-precipitable radioactivity.
Quantitation of in %vitro synthesized VLDL. Aliquots from the 105,000 g supernate were incubated with a rabbit anti-VLDL globulin fraction in the presence of carrier VLDL at a concentration to precipitate 50%o of the antiserum. A typical incubation mixture consisted of the following: sample 200 ,l, antisera 75 !Ll, carrier VLDL (1 mg/ml) 5 ul, 20%, Triton X-100 400 pul, 10% sodium deoxycholate 100 pl, 100 mM sodium phosphate, pH 7.5, 50 ul, and 100 mM L-lysine 5 ,l. Incubation was at 23°C for 3 h or at 23°C for 30 min, and then overnight at 40C. Immunoprecipitates were collected by centrifugation at 2,000 g for 5 min. The supernatant fluid was decanted and the immunoprecipitate was washed three times, once with wash buffer and twice with 0.9% NaCl. The washed pellet was dissolved in 1 ml of NCS (Amersham-Searle Corp.) and counted in 10 ml of spectrofluortoluene. The nonspecific radioactivity was determined by precipitating the supernatant fluid a second time and subtracting this amount of radioactivity from the amount precipitated in the first immunoprecipitate. Usually, 150-300 cpm were nonspecifically trapped, whereas the cpm in the first precipitate ranged from 700 to 7,000. VLDL synthesized in vitro were also quantitated by ultracentrifugation. The 105,000 g supernate obtained from the in vitro liver slice incubation was .dialyzed extensively against six changes of 0.9% NaCl, 0.01%o EDTA, pH 7.5, at 4°C. The dialyzate was then centrifuged in a Beckman SW 50.1 rotor at 50,000 rpm for 18 h at 8'C; the VLDL were removed (-' 0.7 ml) and aliquots counted in spectrofluor-Triton X-100.
Isolation of partially purified liver mRNA. Total liver nucleic acid was prepared from DES-injected cockerels by the method of Rosenfeld et al. (22) . Liver tissue from five cockerels was pooled and homogenized in a Waring blender (Waring Products, New Hartford, Conn.) at 23°C in 5 vol (vol/wt) of a sodium dodecyl sulfate (SDS) buffer containing 0.5%o SDS, 25 mM EDTA, 75 mM NaCl, pH 8.0, and an equal volume of phenol saturated with the SDS buffer and adjusted to pH 8.0 with NaOH. The aqueous phase was separated by low speed centrifugation, removed and re-extracted with the phenol. SDS was precipitated by cooling the mixture on ice and was removed by centrifugation. Total nucleic acid in the aqueous phase was precipitated in 2 vol of 95%o ethanol at -20°C in the presence of 0.2 M NaCl.
Polyadenylated RNA in the total RNA preparation was selectively adsorbed on nitrocellulous membrane filters (Millipore Corp., Bedford, Mass.) as described by Rosenfeld et al. (22) . The RNA was applied to the filters at 23°C in the presence of 0.5 M KCl, 1 mM MgC12, 10 mM TrisHCl, pH 7.6, and eluted from the filters with 0.5% SDS in 0.1 M Tris-HCl, pH 9.0 (22) . When mRNA activity was assayed in the wheat germ system as described below, the millipore adsorption method was found to give a 5-fold purification of total mRNA activity. In general, from each gram of liver, about 5-7 mg of total nucleic acid was recovered by the extraction procedure, and about lo of the total RNA was recovered from nitrocellulose membrane filters.
In vitro protein synthesis in the wheat germ system. In vitro protein synthesis was carried out using a 30,000 g supernatant fluid (S-30). The S-30 fraction was prepared from wheat germ by the method of Roberts and Paterson (23) shown in Fig. 2D ; one major band was detected. In the 10 ') presence of the reducing agent dithiothreitol, there was z a reduction in the mol wt of the apoprotein from about < >0 Q12,000 to approximately 6,000 (Fig. 2E) . Chromatography of fraction B on Sephadex G-75 in urea gave a single protein peak (Fig. IC) . Reduction and S-carboxymethylation of fraction B followed by chromatography on Sephadex G-75 is shown in Fig. 1C ; two protein-containing peaks were detected. With the exception of S-carboxymethylcysteine in fraction II, both fractions had identical amino acid compositions. Further Sephadex G-150 (Fig. 1A) . The column (1.6 x 50 cm) was equilibrated with 0.01 M Tris-HCl buffer, pH 8.0, containing 6.0 M urea and was operated at room temperature. The sample (18 mg) was applied to the column and eluted with the equilibrating buffer. At tube number 20, the column was eluted with a NaCl gradient. To one side of the twochambered gradient apparatus were added 300 ml of the equilibrating buffer and to the other side 300 ml of the same buffer, but containing 0.125 M NaCl. The flow rate was adjusted to 25 ml/h and 5-ml fractions were collected. (Fig. 1A) ; C. Fracti( DEAE fraction (Fig. 1B) complete identity against anti-hen fraction B (Fig.   3B) . Furthermore, the lines were identical to those for hen fraction B, either as the dimer or the reduceddb alkylated derivative. As in the hen, cockerel VLDL, LDL, and plasma but not HDL reacted with antiserum against hen fraction B (Fig. 3B) . There was also a faint precipitin lines against cockerel LDL and plasma which is thought to be due to partial delipidation during ultracentrifugation. Amino acid analysis of cockerel |* fraction B was identical to that of fraction B from the hen (Table I) .
Plasma VLDL in control and estrogen-treated cockerels. The concentration of VLDL in 3-wk-old untreated cockerels is very low, as determined by ultrahoresis in sodium do-centrifugal flotation of plasma at d 1.006. After a single lated apoproteins.0-injection of DES (2.5 mg), ther.e was a slight, but on B (Fig. 1A) D' always reproducible, decrease in VLDL concentration fraction plus dithio-that occurred within 2 h of injection (Fig. 4) Fig. 1C) is shown in Fig. 2F . Based on its migration, reducedalkylated fraction B has a mol w.t of approximately 6,000.
Characterization of fraction B. Goat antiserum prepared against hen fraction B formed single precipitin lines of complete identity between fraction B, apo-VLDL, and VLDL (Fig. 3A) . However, no precipitin line was formed against Sephadex fraction A. The antiserum also gave identical precipitin lines (Fig. 3B ) with hen LDL (d 1.006-1.063 g/ml), and plasma, but none were detected with hen HDL (d 1.063-1.210 g/ ml). The amino acid compositions of Sephadex-fraction A and fraction B are given in Table I . The most noticeable difference between the two fractions was the absence of histidine in fraction B. Based on a monomer mol. wt of 6,000, fraction B contained 51 amino acid residues with 1 residue each of proline, cysteine, methionine, and phenylalanine.
Comparison of fraction B from the hen and the estro--gen-treated cockerel. A single cockerel was given an injection of estrogen as described in Methods. 18 h later, blood was collected and VLDL were isolated from the plasma as described for the hen. Chromatography of cockerel apoVLDL on Sephadex G-150 and DEAEcellulose gave elution profiles (not shown) that were identical to those obtained for hen apoVLDL. (Fig. 1A) ; B. DEAE fraction (Fig. 1B) ; C. Hen VLDL; D. Hen apoVLDL; E. Sephadex fraction A (Fig. 1) . Right: A. Hen VLDL; B. Hen HDL; C. Hen LDL; D. Hen plasma.
(B) Immunodiffusion of ten and cockerel lipoproteins and apolipoproteins. Each center well contained 0.01 ml of goat antibody prepared against the DEAE-fraction (Fig. IB) . VLDL protein synthesis is an earlier event, compared to the other components found in VLDL. The VLDL protein increased abou.t 5-fold at the peak, whereas VLDL cholesterol increased some 25-fold and triglyceride some 7-fold. 72 h after estrogen treatment, the protein and lipid constituents had returned to control values.
Equivalence assay for anti-VLDL and anti-apoVLDL. To determine the optimal conditions for maximal precipitation of VLDL or fraction B by the antisera, increasing amounts of VLDL or fraction B were added to a constant amount of anti-VLDL or anti-fraction B.
As shown in Figs. 5A and 5B, the equivalence point was 2 Ag for VLDL protein and 12.5 ,ug for fraction B. Beyond these amounts, additional VLDL or fraction B resulted in partial solubilization of the immunoprecipitate. To ensure maximal precipitation of VLDL synthesized in the liver slices and the wheat germ extract, VLDL or fraction B were added in subsequent assays to ensure 50% of the maximal amount of total protein precipitated.
VLDL synthesis in liver slices in vitro. The syn- The values represent duplicate analyses on samples for 24 h. * Based on 100 mol recovered. Fraction A is the protein shown in Fig. 1A .
Based on mol wt 6,000. Hen fraction B represents the protein recovered from DEAE-cellulose chromatography (Fig. 1B) . The number in parentheses refers to assumed values. I Based on 51 residues. Rooster fraction B represents the protein recovered from Sephadex G-150 and DEAE-cellulose as shown for the hen protein in 02 12 24 48 72 HOURS AFTER DES FIGURE 4 Effects of estrogen on plasma VLDL protein and lipids. Groups of 4 cockerels were treated with a single injection of DES (2.5 mg) subcutaneously. Animals were decapitated at the indicated times, and VLDL were isolated as described in Methods. Protein, cholesterol, and triglyceride contents in the purified VLDL were determined as described in Methods. thesis of VLDL by liver slices incubated in vitro with L-[5H]lysine is shown in Fig. 6A . Maximum synthesis of VLDL occurred at 24 h after DES, and it represented a 6-fold increase over control animals. The rate of synthesis declined in 48 h to control values. Animals injected with sesame seed oil alone did not show any significant increase in VLDL synthesis. The effects of DES on total protein synthesis is very erratic, and even control animals injected with oil alone showed minor changes (Fig. 6B) . This increase may be related to the stress elicited by the handling of the animals as the changes were most observable within 2 h of injection. In general, DES-injected animals showed a 2-fold increase in the rate of total protein synthesis which lasted for about 36 h.
To exclude the possibility tha.t the observed induction of VLDL synthesis by DES might be part of a general phenomenon of the effect of the hormone on total protein synthesis in the liver, the immunoprecipitable counts in VLDL were divided by the TCA-precipitable counts and this fraction was plotted vs. the time after DES treatment (Fig. 6C) peaked at 24 h and returned to basal values by 48 h; control animals did not show any significant changes. At the peak of induction, VLDL constituted approximately 11% of the total soluble protein synthesized by the liver slices.
To further confirm that the labeled immunoprecipitable VLDL indeed represented newly synthesized VLDL, VLDL were isolated by ultracentrifugal flotation from the same samples as those used for immunoprecipitation. Unlabeled carrier VLDL were added to each sample before centrifugation. The ratio of counts in VLDL after estrogen treatment to the counts present before hormone treatment was calculated and used for comparison of the two methods. As indicated in Table  II , the ratios were similar at 2, 24, and 48 h after estrogen treatment.
Effect of actinomycin-D on the estrogenic induction of VLDL synthesis. The effect of inhibition of RNA synthesis on the estrogenic induction of VLDL was studied using actinomycin-D which was given (5 mg/ kg) by intramuscular injection to 3-wk-old cockerels simultaneously with 2.5 mg DES subcutaneously. Cockerels treated with DES alone served as the controls. As shown in Table III , actinomycin-D totally inhibited the increase in VLDL synthesis. These results suggest that RNA synthesis is required for induction of VLDL by estrogen. Time points later than 6 h were not done because actinomycin-D-treated animals became too sick to give meaningful data.
Fraction B synthesis in wheat germ in vitro. In Fig. 7A is depicted the time course of incorporation of [14C]leucine into TCA precipitable material and immunoprecipitable fraction B; the incorporation was linear for approximately 1 h (Fig. 7B) . The translation system was saturated when 4 ug of liver mRNA was added to the assay mixture (Fig. 7A) . Control experiments without added mRNA gave only background counts which did not significantly increase with time. Additional control experiments (Table IV) using mRNA preparations from rat testis gave comparable I Immunoprecipitation was carried out as described in
Methods. The ratios were derived from Fig. 6 . § Four -2-ml samples (105,OOOg supernatant fractions, aliquots of which were used for immunoprecipitation) were pooled together and dialyzed extensively against six changes of 0.01% EDTA, pH 7.4, over the course of 4 days. VLDL were isolated by ultracentrifugal flotation as described in the Methods. Aliquots of the VLDL were counted in Aquasol.
TCA-precipi,table counts but anti-fraction B immunoprecipitable counts were not different from background. Similarly, when carrier ovalbumin was precipitated by an ovalbumin antiserum in the wheat germ assay in the presence of liver mRNA, radioactivity trapped in the immunoprecipitate was not significantly different from that trapped in the absence of added mRNA. Sodium dodecyl sulfate acrylamide gel electrophoresis of apoVLDL synthesized in vitro. To further characterize the apoprotein synthesized in the wheat germ system the immunoprecipitable material was analyzed by SDS-polyacrylamide gel electrophoresis. For this purpose, a 500-ul assay was used, with proportionate increases in all the assay components; the assay mixture was incubated at 25°C for 60 min. When the immunoprecipitate was solubilized and analyzed on the gel, the The wheat germ translation system was prepared by a modification of the method of Roberts and Paterson (23 radioactivity was found to co-migrate with nonradioactive native fraction B analyzed simultaneously on another gel (Fig. 8) . Thus, the peptide synthesized in vitro was not only similar immunochemically but was also found to have the same size as the authentic fraction B.
Effects of estrogen on fraction B mRNA levels. In Fig. 6 , it was shown that estrogen increased the rate of synthesis of VLDL in cockerel liver slices in vitro in those animals that had been given the hormone in vivo. An increased rate of synthesis of fraction B of apoVLDL could have resulted from an increase in the Fraction B antiserum precipitation was carried out as described in Methods.
11 Background (no mRNA added) of 97 was subtracted.
Ovalbumin antiserum precipitation of added ovalbumin carrier was carried out as described by Chan et al. (30) . ** Rat testis mRNA was isolated from mature rat testis by the same method used for isolation of liver mRNA as described in Methods.
level of the mRNA coding for the apolipoproteins or from an activation of preexisting inactive mRNA molecules as has been suggested by Tomkins et al. (25) . To differentiate between these two possible mechanisms, mRNA fractions were prepared from cockerel livers at various times after a -single subcutaneous dose of DES and were translated in the wheat germ as described above. As shown in Fig. 9 Hours After DES FIGURE 9 Effect of estrogen on fraction B mRNA activity. Total mRNA was prepared from cockerel liver at different times after one subcutaneous injection of DES (2.5 mg) as described in Methods. In vitro translation was carried out in the wheat germ system with subsaturating amounts of mRNA (less than 3 ,g mRNA/100 ,l assay). Total protein synthesized as well as fraction B synthesized were determined as described in Methods. All the cpm in the figure are expressed as activity per ,g of mRNA added.
TCA precipitable counts in 6 h which remained elevated for about 16 h, and returned to base-line levels at 30 h. When immunoprecipitable fraction B was determined, a somewhat different curve was obtained. The total fraction B mRNA activity increased from a low basal level to a peak at 16-24 h, declining toward basal level at 30 h. The curve was similar to the induction curves obtained in liver slice incubation in vitro, where a maximal increase in rate of VLDL synthesis occurred at 24 h after DES. An even more striking similarity in the two situations is shown in Fig. 10 where the ratio of radioactivity in immunoprecipitable fraction B to that in TCA precipitable material is plotted as a function of time after DES treatment. The fraction B synthesized in vitro constituted an increasing percentage of total protein synthesized in the cell-free system with time after hormone administration, from a low basal level of 1% to a peak of about 12% at 24 h. DISCUSSION The effect of estrogen on plasma VLDL in the chicken was first noted by Hillyard and co-workers (8) . This observation was subsequently confirmed and extended by others (9, 26) . In a recent study, Luskey et al. (9) showed that estrogen stimulated the synthesis of VLDL in the rooster liver. These authors isolated the VLDL from the plasma of estrogen-treated roosters by ultracentrifugal flotation. Using antisera against VLDL, they demonstrated that there was a 4-fold increase in the rate of hepatic synthesis of VLDL antigen 16 h after an intramuscular injection of 60 mg of 17-aestradiol. In the present report, we have examined the effects of estrogen on VLDL synthesis and accumulation both in vivo and in organ culture. We have also purified a major apoprotein in VLDL, fraction B, and have prepared specific antisera against this apoprotein.
Based on immunochemical and amino acid analyses, our studies show that VLDL from both the hen and the estrogen-treated rooster contain fraction B. By SDSgel electrophoresis, the apoprotein consists of two polypeptide chains of 6,000 mol wt. The two chains are linked by a single disulfide bond. Hillyard et al. (27) also showed that hen VLDL contained a small molecular weight component. However, since they did not fractionate the VLDL, it may be assumed that their preparation contained both fractions A and B. The latter authors did not compare hen and cockerel VLDL. The previous studies by Luskey et al. (9) and Kudzma et al. (10) confirmed that VLDL synthesis was induced by estrogen. Bergink and co-workers (5) studied the kinetics of induction of the lipovitellin-phosvitin phosphoprotein complex in the rooster liver by estradiol. After a single injection of estradiol (25 mg/kg), the rate of synthesis of the complex was first shown to be elevated 4 h later, and the complex was detectable in blood 10 Fig. 9 were expressed as proportion of fraction B synthesized over total protein synthesized. the estrogenic induction of VLDL is of much shorter duration (72 h) than that of phosvitin-lipovitellin. Furthermore, the VLDL accumulation can be totally accounted for by an increased rate of synthesis.
Bergink et al. (29) first presented evidence for the existence and possible induction of the yolk protein vitellogenin mRNA by estrogen. Jost et al. (6) also reported the accumulation of 13L-lipovitellin mRNA in the liver of immature chicks treated with estrogen. In neither case were the details of the induction kinetics studied. Furthermore, characterization of the in vitro translation product was not presented. In our study, nonspecific co-precipitation of counts in the antigenantibody reaction was unlikely since rat testis mRNA, which resulted in similar TCA-precipitable counts in the wheat germ system, gave negligible counts on immunoprecipitation with fraction B antiserum. Moreover, the product of the in vitro translation was found to co-migrate with fraction B on SDS gel electrophoresis.
Reports from a number of laboratories have shown that steroid hormone induction of specific protein synthesis is associated with changes in the level of the corresponding mRNA. This is shown to be the case with the estrogen induction of ovalbumin (30) (31) (32) , conalbumin, ovomucoid, and lysozyme (33, 34) and progesterone induction of avidin (30, 35, 36) in the chick oviduct, glucocorticoid induction of tryptophan oxygenase in the rat liver (37), androgen induction of a2. globulin in the rat liver (38) , and fructose diphosphate aldolase in the rat ventral prostrate (39). Chan et al. (30) found that estrogen-induced ovalbumin synthesis could be accounted for by an accumulation of translatable ovalbumin mRNA. An excellent correlation existed between extractable ovalbumin mRNA activity as directly quantitated by an in vitro translation system and intracellular mRNA activity as reflected by the rate of incorporation of [3H] lysine into ovalbumin in oviduct slices (30) . Probably the same type of correlation exisits in the case of apoVLDL mRNA accumulation and VLDL synthesis. In the latter instance, however, we were studying the accumulation of the mRNA for only one major VLDL protein (fraction B). Unfor-,tunately, this protein accounted for only 40-50% of all the apoproteins in VLDL. From our data, we cannot draw any conclusions as to the other component(s). Furthermore, while it is possible that apoVLDL mRNA synthesis is an initial estrogen response, it is just as likely that the accumulation of the specific mRNAs is secondary to the effect of the hormone on lipid metabolism in the liver. Only detailed kinetic studies on the effects of estrogen on all the individual apoproteins and their mRNAs and on hepatic lipid synthesis and degradation will allow one to formulate a more definitive hypothesis as to which is the primary event in the estrogenic induction of VLDL synthesis in the cockerel liver.
In conclusion, we have presented evidence that estrogen induces VLDL synthesis in the cockerel liver. At least part of the increased rate of synthesis of VLDL observed is accounted for by an accumulation of a major apoVLDL mRNA. This observation provides a valuable tool for studying both the mechanism of action of estrogen in the chicken liver as well as the regulation of lipoprotein synthesis at a molecular level.
Note added in proof: The complete amino acid sequence of fraction B has recently been completed. (Jackson, R. L., H-Y. Lin, L. Chan, and A. R. Means. Manuscript in preparation.) Each monomer was found to consist of 82 amino acid residues linked by a single disulfide bond at residue 76, with a calculated mol wt of 9,444. The apoprotein behaves abnormally on SDS acrylamide gels accounting for the much lower apparent mol wt of~6,000.
